Prior to the RMC simulations presented in this work, we attempted to model the Cs-I/I-I pair correlations in the pair distribution function with a linear combination of three Gaussian functions to approximate the individual Cs-I, I-I intra , and I-I inter contributions to the peak shape and determine the origin of the peak asymmetry. However, while modeling with three Gaussian features easily reproduces the XPDF data, we found that the trends in peak height, position, and full width at half maximum were inconclusive, likely due to the large degree of overlap of these pair correlations. In this light, we found that unconstrained modeling of this feature was inappropriate, and instead turned to the more rigorous modeling routines employed in Reverse Monte Carlo simulations.
Traditional free-motion Reverse Monte Carlo (RMC) simulations were performed to ensure consistency with our rigid-body RMC approach. The optimized supercells are shown in Figure S1 , and the fits to the XPDF and S(Q) − 1 are shown in Figure S2 . Figure S1 : Supercells of Cs 2 SnI 6 and Cs 2 TeI 6 optimized from free-motion RMC simulations.
The partial radial distribution functions for the I-I intra , I-I inter , and Cs-I pair correlations extracted from the free-motion RMC simulations of Cs 2 SnI 6 and Cs 2 TeI 6 are shown in Figure S3 .
The peaks are modeled by Gaussian functions to reveal asymmetry in the peak shape. In both Cs 2 SnI 6 and Cs 2 TeI 6 , the Cs-I pair correlation is quite asymmetric, consistent with the pseudorigid-body RMC simulations shown in the main article.
We have calculated the bond valence sum of cesium from the RMC-optimized supercells of Cs 2 SnI 6 and Cs 2 TeI 6 , as shown in Figure S4 . The distributions were fit to Gaussian functions, and Table S1 . Figure S4 : Bond valence sum distributions for cesium in the 6 × 6 × 6 supercells of Cs 2 SnI 6 and Cs 2 TeI 6 optimized within the (a,c) free-motion RMC approach and (b,d) the pseudo-rigid-body RMC approach. The distributions were fit to Gaussian functions and the centroid of the peak was taken as the bond valence sum. The blue vertical lines denote the bond valence sum of Cs + calculated from the cubic structures of Cs 2 SnI 6 and Cs 2 TeI 6 refined against the XPDF data. 
